Background. Microsimulation models synthesize evidence about disease processes and interventions, providing a method for predicting long-term benefits and harms of prevention, screening, and treatment strategies. Because models often require assumptions about unobservable processes, assessing a model's predictive accuracy is important. Methods. We validated 3 colorectal cancer (CRC) microsimulation models against outcomes from the United Kingdom Flexible Sigmoidoscopy Screening (UKFSS) Trial, a randomized controlled trial that examined the effectiveness of one-time flexible sigmoidoscopy screening to reduce CRC mortality. The models incorporate different assumptions about the time from adenoma initiation to development of preclinical and symptomatic CRC. Analyses compare model predictions to study estimates across a range of outcomes to provide insight into the accuracy of model assumptions. Results. All 3 models accurately predicted the relative reduction in CRC mortality 10 years after screening (predicted hazard ratios, with 95% percentile intervals: 0.56 [0.44,
Background. Microsimulation models synthesize evidence about disease processes and interventions, providing a method for predicting long-term benefits and harms of prevention, screening, and treatment strategies. Because models often require assumptions about unobservable processes, assessing a model's predictive accuracy is important. Methods. We validated 3 colorectal cancer (CRC) microsimulation models against outcomes from the United Kingdom Flexible Sigmoidoscopy Screening (UKFSS) Trial, a randomized controlled trial that examined the effectiveness of one-time flexible sigmoidoscopy screening to reduce CRC mortality. The models incorporate different assumptions about the time from adenoma initiation to development of preclinical and symptomatic CRC. Analyses compare model predictions to study estimates across a range of outcomes to provide insight into the accuracy of model assumptions. Results. All 3 models accurately predicted the relative reduction in CRC mortality 10 years after screening (predicted hazard ratios, with 95% percentile intervals: 0.56 [0. 44, 0 .71], 0.63 [0.51, 0.75], 0.68 [0.53, 0.83]; estimated with 95% confidence interval: 0.56 [0.45, 0.69]). Two models with longer average preclinical duration accurately predicted the relative reduction in 10-year CRC incidence. Two models with longer mean sojourn time accurately predicted the number of screen-detected cancers. All 3 models predicted too many proximal adenomas among patients referred to colonoscopy. Conclusion. Model accuracy can only be established through external validation. Analyses such as these are therefore essential for any decision model. Results supported the assumptions that the average time from adenoma initiation to development of preclinical cancer is long (up to 25 years), and mean sojourn time is close to 4 years, suggesting the window for early detection and intervention by screening is relatively long. Variation in dwell time remains uncertain and could have important clinical and policy implications. Key words: colorectal cancer; preventive medicine; gastroenterology; discrete event simulation; simulation methods. (Med Decis Making 2016; 36:604-614) T he Cancer Intervention and Surveillance Modeling Network (CISNET) consortium focuses on using models to guide public health research and priorities by improving our understanding of cancer control interventions in prevention, screening, and treatment and their effects on population trends in incidence and mortality. As part of CISNET, 3 independent groups developed microsimulation models for colorectal cancer (CRC) that have been used to inform policy decisions, including costeffectiveness analyses for the Centers for Medicare & Medicaid Services 1-3 and a decision analysis for the US Preventive Services Task Force. 4, 5 Understanding the natural history of disease is critical to designing optimal prevention strategies. Microsimulation models synthesize evidence about disease processes and interventions to prevent or treat disease and are used to predict the impact of interventions that cannot otherwise be evaluated in an affordable, timely, or ethical manner. 6 The 3 CISNET-CRC models included in this validation were informed by studies describing observable disease processes, such as the prevalence of adenomas, 7 the incidence of CRC, 8 and systematic review of the available evidence on the effectiveness of screening, including the sensitivity and specificity of available screening tests and the harms of screening tests. 9 Models simulate the natural history of disease using best available evidence, but this evidence is imperfect. Furthermore, some disease processes simulated by models are unobservable. Model calibration is the process of selecting parameters, including those describing unobservable processes, to produce a model that yields predictions that match known or observed outcomes. 10, 11 Models are often complex, and many different parameter combinations can result in good-fitting predictions. Therefore, model validation is a critical component of model development. Eddy and colleagues 12 outlined 5 types of validity: face validity, internal validity, cross validity, external validity, and predictive validity. Face validity refers to whether the model ''makes sense.'' Internal validity refers to coding accuracy. Cross-validity, also known as comparative modeling, refers to comparison of predictions from different models. External validity refers to how well the model is able to predict (or ''fit'') data that were not used for model calibration. Predictive validity takes this idea a step further and refers to how well the model is able to predict study outcomes before they are observed. External and predictive validity provide the most direct assessment of model accuracy, especially in terms of the ability to predict outcomes under new scenarios, which is the main purpose of microsimulation models. Such validation is relatively uncommon, largely because when models are developed, they are informed by all available data. 13 This article presents an external validation of 3 CISNET-CRC models. All 3 models have been evaluated for face validity, reviewed for internal validity, and calibrated so that predictions reproduce the data used for model development. 14, 15 Cross-validation of the 3 models demonstrated that they predict similar adenoma prevalence and lifetime incidence of CRC but different preclinical durations, that is, the time from adenoma formation to clinically detected CRC. 16, 17 Preclinical duration is closely tied to screening effectiveness and is an important factor to consider when designing observational studies of screening. 18 External validation offers an opportunity to evaluate the impact of model assumptions, including assumptions about preclinical duration, on the models' ability to predict study outcomes.
We validated the 3 CISNET-CRC models to the United Kingdom Flexible Sigmoidoscopy Screening (UKFSS) Trial of once-only screening for CRC with flexible sigmoidoscopy. The UKFSS Trial was conducted in a population that was not yet routinely screened for CRC, so that published trial results, from screening outcomes 19 through 10-year incidence and mortality, 20 provide unique information about the risk of CRC after screening that can be used to shed light on the preclinical duration of CRC.
METHODS
The 3 models we evaluated are part of CISNET: Colorectal Cancer Simulated Population model for Incidence and Natural history (CRC-SPIN), 14 Simulation Model of Colorectal Cancer (SimCRC), 21 and Microsimulation Screening Analysis (MISCAN). 22 Detailed model descriptions can be found in cited articles and on the CISNET website, although this online resource includes updates to the MISCAN model made after this validation work. 23 The models are similar in their overarching assumptions about the natural history of CRC: simulated individuals begin in a disease-free state and may progressively transition to an adenoma state, a preclinical CRC state, and a clinically detected CRC state, from which they may die of CRC ( Figure   Received Supplementary material for this article is available on the Medical Decision Making Web site at http://mdm.sagepub.com/supplemental. 1). Individuals may die of other causes at any time. Each model simulates adenoma risk that varies systematically by sex and age and varies randomly across individuals. Individuals accumulate adenomas based on this risk. Each simulated adenoma is assigned a location in the colon or rectum. The SimCRC and CRC-SPIN models specify adenoma location distributions based on autopsy and (for CRC-SPIN) endoscopy studies. The MISCAN model specifies an adenoma location distribution based on the location of detected CRC. As a result, the MISCAN model assigns relatively more adenomas in the distal colon and rectum than the SimCRC or CRC-SPIN models.
Each model describes adenoma growth and transition to CRC, and none allow adenoma regression. Each model allows multiple adenomas and preclinical cancers within individuals, as well as variability in the duration of the adenoma state (the time to progression from adenoma to preclinical disease) across both individuals and adenomas within individuals.
Each model uses the same set of inputs describing overall and CRC-specific mortality. Age and sex-specific all-cause survival probabilities are based on estimates from the National Center for Health Statistics Databases. 24 CRC survival is based on analysis of data from the Surveillance, Epidemiology, and End Results (SEER) Program. 25 Models are governed by parameters that are selected (or calibrated) so that predictions match a set of targets. Each model is calibrated to match SEER CRC incidence rates in 1975-1979, a period when there was little or no CRC screening. The number of parameters varies across models: MISCAN calibrated 64 parameters, SimCRC calibrated 82 parameters (41 per sex), and CRC-SPIN calibrated 23 parameters.
Each of the models simulates variability in the ''dwell time'' of adenomas. Dwell time is defined for adenomas that transition to clinically detectable CRC as the time it takes for the adenoma to become a symptomatically detected cancer. The models do not include specific parameters that describe dwell time. Instead, dwell times are an output, something predicted by each model. Dwell time distributions are driven by assumptions about adenoma growth and progression. For example, the CRC-SPIN and SimCRC models allow all adenomas to progress to cancer (although most do not within a person's lifetime) and have longer dwell times, while the MIS-CAN model allows only some adenomas to progress, but these progressive adenomas tend to have shorter dwell times. Prior model comparisons found that the average and interquartile range (IQR) of predicted dwell times were 25.8 years (IQR: 17-33 years) for CRC-SPIN, 25.2 years (IQR: 15-33 years) for SimCRC, and 10.6 years (IQR: 5-14 years) for MISCAN and that among patients with CRC diagnosed at age 55 years, the predicted proportion arising from adenomas formed within the prior 10 years was 4% for CRC-SPIN, 10% for SimCRC, and 72% for MISCAN. 16 
Validation Study
We used our models to predict published results from the UKFSS Trial. 19, 20 Participants in the UKFSS Trial were between the ages of 55 and 64 years and were randomized to receive either usual care (n = 113,178) or a one-time flexible sigmoidoscopy (n = 57,258).
Simulation of study results
To predict both average outcomes and variability in model predictions, each model simulated 2000 UKFSS ''trials'' that matched the study on sample size, average age, age range, and percent male. Models specify that the only screening that occurred in study patients was the one-time flexible sigmoidoscopy in the intervention group; because there was no screening program in place in the United Kingdom during the period under study, we assumed no screening in the control group. Models assume complete follow-up of study participants who remain alive throughout the trial. Life-table methods were used to calculate model-predicted cumulative incidence and mortality that account for other-cause death. 26 
Assumptions about endoscopic examinations among intervention participants
The probabilities of undergoing flexible sigmoidoscopy and, among those screening positive, undergoing subsequent colonoscopy were based on published results. 19, 27 Based on a previous study of UK endoscopists, 28 we assumed that flexible sigmoidoscopy examinations completely visualized the rectum for all individuals, completely visualized the sigmoid colon in 88% of individuals, and completely visualized the descending colon in 6% of individuals but never visualized the colon proximal to the descending colon. We assumed that colonoscopy examinations completely visualized the rectum for all individuals and completely visualized the entire colon for 95% of individuals.
Within the reach of the endoscope, we applied a lesion-specific sensitivity based roughly on a meta-analysis of colonoscopy miss rates. 29 MISCAN and SimCRC used sensitivities of 0.75 for adenomas 1 to 5 mm, 0.85 for adenomas 6 to 9 mm, and 0.95 for adenomas 10 mm and larger and for any preclinical cancer. CRC-SPIN used sensitivity (Se) that was a function of continuous size, s, with Se(s) = 0.66 + 0.0349s -0.0009s 2 ; when s \ 20 mm (e.g., Se(3) = 0.76, Se(7.5) = 0.87, Se(12) = 0.95), Se(s) = 1 when s 20 mm and sensitivity equal to max(Se(s),0.95) for preclinical cancer.
Assumptions about referral to colonoscopy
Study participants were referred to colonoscopy if any of 5 conditions were found at sigmoidoscopy: 1) a polyp 10 mm, 2) 3 or more adenomas, 3) an adenoma with high-grade dysplasia or villous components, 4) 20 or more hyperplastic polyps proximal to the distal rectum, or 5) preclinical cancer. The models simulate adenomas but not hyperplastic polyps, and so we assumed referral to colonoscopy when any of 3 conditions were found at sigmoidoscopy: 1) an adenoma 10 mm, 2) 3 or more adenomas, or 3) preclinical cancer. To simulate referral for trial participants with multiple hyperplastic polyps, large nonadenomatous polyps, or smaller adenomas with high-grade dysplasia or villous components, we estimated referral rates for participants with other findings using published results. 19, 20, 27 We estimated that participants with 1 or 2 small adenomas detected were referred to colonoscopy with probability 0.126, and participants with no adenomas detected were referred to colonoscopy with probability 0.006.
Surveillance after screening
We made assumptions about surveillance after screening that were consistent with recommendations in place in the United Kingdom during the trial 30 : 1) surveillance in 1 year when a very large (.2 cm) adenoma was detected or when 5 or more adenomas were detected and 2) surveillance in 3 years when a large (1-2 cm) adenoma or 3 to 4 adenomas were detected. Surveillance was simulated to end after 2 consecutive examinations with 2 or fewer small (\10 mm) adenomas detected. We arbitrarily assumed that 80% of individuals were completely adherent to adenoma surveillance and that 20% never underwent surveillance colonoscopy.
Sensitivity analysis
Sensitivity analysis was used to address uncertainty in assumptions about endoscopy reach and adherence to surveillance. We examined the impact of these model assumptions by considering runs with no surveillance colonoscopy and runs with less complete examinations (complete colonoscopy in 89% of participants and complete flexible sigmoidoscopy, to the sigmoid colon, in 86% of participants, with the descending colon completely visualized in only 1% of participants).
Outcomes
Our primary prediction targets were study-estimated hazard ratios of CRC incidence and mortality 10 years after screening in intervention v. control participants, based on per-protocol analysis comparing screened patients to controls, which are reported with confidence limits. 20 We selected CRC incidence and mortality because these were the targets of the trial and because these end points are the focus of screening. Furthermore, these outcomes constitute the end of the adenoma-carcinoma sequence and therefore provide information about the entire CRC disease trajectory. We also described the model-predicted and study-estimated 10-year cumulative incidence and mortality in control and intervention groups.
Three secondary prediction targets were studyestimated screen-detected cancer and adenoma detection rates by location in the colon and rectum and stage at screen detection. 19 The rectum and sigmoid colon were defined as distal locations, and the descending colon was defined as a proximal location, consistent with reporting of UKFSS Trial results.
Model predictions were based on the average across 2000 simulated trials, with 95% percentile intervals estimated by the 2.5th and 97.5th percentiles across the 2000 simulated trials. We evaluated whether model predictions fell within the study's 95% confidence limit.
RESULTS

Effects of Intervention on CRC Mortality
All 3 models predicted relative hazard ratios for CRC-specific mortality in the intervention group relative to the control group that were within the studyestimated 95% confidence interval ( Figure 2 , Table  1 ). Predicted 10-year cumulative CRC mortality per 100,000 in the intervention group (Figure 3 , Table  1 ) was lower than study-estimated CRC mortality for CRC-SPIN and MISCAN and higher than estimated for SimCRC.
Effects of Intervention on CRC Incidence
CRC-SPIN and SimCRC models predicted hazard ratios for CRC incidence in the intervention group relative to the control group that were within the studyestimated 95% confidence interval, and MISCAN predicted a weaker effect than estimated ( Figure 2 , Table 1 ). The predicted 10-year cumulative CRC incidence among the intervention group (Figure 4 , Table  1 ) was lower than the study estimate for CRC-SPIN and higher for SimCRC and MISCAN models.
Disease Detection at Screening
Screening in the UKFSS Trial detected 140 cancers, CRC-SPIN predicted 47 screen-detected cancers, SimCRC predicted 180, and MISCAN predicted 181. Seventy-three percent of screen-detected cancers were early stage (I or II). The models predicted 90% (CRC-SPIN), 81% (SimCRC), and 77% (MISCAN) of screen-detected cancers at early stages. Predicted adenoma detection rates at baseline flexible sigmoidoscopy (''distal'' location) were low for CRC-SPIN and SimCRC and high for MISCAN ( Table  2 ). Colonoscopy referral rates follow similar patterns. Among those referred to colonoscopy, predicted adenoma detection rates (''proximal'' location) were high for all models.
Incidence in the Unscreened (Control) Group
The overall 10-year CRC incidence in the control group was 149 cancers per 100,000; the CRC-SPIN model underpredicted 10-year incidence (135 per 100,000); SimCRC and MISCAN overpredicted incidence (167 and 183 per 100,000, respectively) ( Table  1 ). The UKFSS Trial reported nearly twice as many distal cancers than proximal cancers (98 and 51 per 100,000) ( Table 3 ). The CRC-SPIN model predicted too few distal and too many proximal cancers. The SimCRC model predicted too many distal cancers but matched the number of proximal cancers. The MISCAN model matched the number of distal cancers but predicted too many proximal cancers.
Sensitivity Analysis
Predictions from sensitivity analyses were very similar to primary results (data not shown). The modified assumptions only affected predictions in the intervention group and resulted in more pessimistic predictions of the effect of screening. For example, for a scenario with pessimistic reach assumptions and no participation in surveillance, the predicted hazard ratios for CRC incidence in the screened intervention v. control patients were 0.64 for CRC-SPIN, 0.75 for SimCRC, and 0.87 for MISCAN, and predicted hazard ratios for CRC mortality were 0.59 for CRC-SPIN, 0.64 for SimCRC, and 0.71 for MISCAN.
Model Changes
As a result of validation findings, the MISCAN model was recalibrated using the UKFSS Trial data, resulting in a longer average adenoma dwell times. 31 The updated MISCAN model-predicted hazard ratios for both 10-year CRC incidence and mortality were within the study error bounds (results in the online appendix).
DISCUSSION
Microsimulation models synthesize information from multiple sources, including randomized trials, observational data, and expert opinion, and provide decision makers with a method for carrying out in silico experiments comparing outcomes under different policy recommendations to inform policy decisions. Model validation, which evaluates the predictive accuracy of models, is critical because of the intended use of models, combined with the inherent uncertainty in model structure. We evaluated the accuracy of 3 models for CRC that have been used to inform policy decisions, comparing model-predicted outcomes to results from the UKFSS Trial. 19, 20 This study is uniquely well suited for validation because it examines a one-time intervention, and contamination in the control group is unlikely because the study took place before a screening program was in place. The UKFFS Trial data provide information about the time it takes for new CRC to develop after detection and removal of adenomas detected by flexible sigmoidoscopy and subsequent colonoscopy among referred patients. Before the UKFSS Trial, no other studies provided such information. Each model describes the unobservable process of transition from benign adenoma to malignant tumor. The models are anchored by adenoma prevalence from autopsy studies and by CRC incidence in the prescreening era, but there are many ways to describe the transition between these 2 anchoring states. In past applications, these models have drawn similar but not identical conclusions about the relative benefit of different screening recommendations. 2 This validation exercise provided an opportunity to examine the impact of different transition assumptions on model predictions. All 3 models accurately predicted the relative effect of one-time flexible sigmoidoscopy on CRC mortality 10 years after screening. However, the models predicted the effect of screening on disease incidence and cumulative 10-year incidence and CRC mortality with varying degrees of success. When models missed validation targets, they missed in different ways. The accuracy of model predictions provides insight into the plausibility of different model assumptions.
A major difference between the models is the implied adenoma dwell time, with a more than twofold difference in dwell times between the MISCAN model compared to the CRC-SPIN and SimCRC models. 16 All 3 models accurately predicted relative effects of screening intervention on CRC mortality, but only the models with longer dwell times accurately predicted relative effects on CRC incidence.
As shown in a prior model comparison, 17 the shorter dwell times implied by the MISCAN model allow CRC incidence in a screened group to return quickly to background incidence rates. These results suggest the average time from adenoma initiation to presentation with clinical CRC, at least in the distal colon, is longer than 10.6 years and may be closer to 25 years. This suggests that, on average, there is a long period of time when adenomas and preclinical cancers can be detected and removed before symptomatic detection.
Average dwell time is a simple summary of the dwell time distribution. The same average dwell time can arise from very different distributions, and the dwell time distribution underlying simulation models has implications for the predicted population-level effectiveness of different screening intervals. For example, consider 2 models with the same average dwell time: one that simulates a narrow range of dwell times and a second with a skewed dwell time distribution, resulting in wider variability in dwell times and a larger fraction of individuals with short dwell times who could benefit from shorter screening intervals. The model with dwell times that skew short is more likely to find benefit from shifting from a longer to a shorter screening interval. It is difficult to directly examine the effect of dwell time on model predictions because for all 3 models included in this validation dwell time is an output rather than a direct input or assumption. Models would need to be reconfigured to match different dwell time distributions, and each model configuration would need to be calibrated to match target data. Therefore, we do not know how sensitive model predictions are to dwell time distributions. Future sensitivity analyses could explore the sensitivity of predictions to different dwell time distributions. Future validation exercises using longer term follow-up of the UKFSS Trial or randomized endoscopy studies with repeated examinations might also provide information about dwell time distributions. Another difference between the models is mean sojourn time, the time from initiation of preclinical cancer to presentation with clinical CRC. Mean sojourn time is simulated as 1.6 years for CRC-SPIN, 4.0 years for SimCRC, and 4.7 years for MISCAN. 16 The mean sojourn time implied by the CRC-SPIN model may be too short, resulting in a low number of screen-detected cancers. In contrast, the SimCRC and MISCAN models more closely predicted the number of screen-detected cancers but detected too many. Unpublished model comparisons found that the lower rate of preclinical cancers predicted by CRC-SPIN more closely matched autopsy findings. 32 Preclinical CRC is a rare outcome and therefore difficult to calibrate. Our findings suggests that mean sojourn time lies between 1.6 and 4.0 years and may be closer to the upper end of this range.
All 3 models predicted detection of too many proximal adenomas in participants referred to colonoscopy following flexible sigmoidoscopy. This likely results from assumptions that are common across the models, because all models make the same error. One possible explanation is related to adenoma risk assumptions: all 3 models include a person-level adenoma risk component, which implies that people with distal lesions (preclinical cancer and adenomas) are more likely to have proximal lesions. The difference between model predictions and study estimates could occur because the correlation between proximal and distal lesions is not as strong as the models imply because proximal and distal colon cancers arise through somewhat different underlying processes. 33, 34 An alternative (or additional) explanation is related to assumptions about colonoscopy accuracy: all 3 models also assume that colonoscopy is equally sensitive throughout the large intestine, but colonoscopy may be less sensitive in the proximal colon than in the distal colon and rectum. Observational studies have suggested reduced effectiveness of colonoscopy for prevention of proximal colon cancer. [35] [36] [37] [38] Variation in the sensitivity of colonoscopy may be related to the occurrence of sessile serrated polyps, which are more common in the proximal colon, more difficult to detect than adenomas, and estimated to account for one-third of CRCs, 39 or to the quality of bowel cleanliness in the proximal colon relative to more distal segments. 40, 41 The models we validated produced similar results in terms of the relative effect of one-time flexible sigmoidoscopy on CRC mortality, but each model missed some targets and the specific targets missed varied across models. This analysis focused on validating each model independently and making comparisons across models to gain insights into how model assumptions influence model predictions. Our findings demonstrate the value of using multiple models to inform policy guidelines. Model predictions could be combined with the goal of obtaining more robust predictions that are closer to validation targets. Bayesian model averaging or ''ensemble modeling'' combines results from multiple models into a single set of predictions, with measures of uncertainty, and is potentially more robust than singlemodel prediction. 42 We know of only one example when model averaging was used to combine predictions across models used for guideline development. 43 Methods for handling the unique challenges faced in this context, such as the relatively limited data available to assess goodness of fit, are not yet fully developed. 44 The role of model averaging to inform policy is an important area for future research.
None of the models accurately predicted absolute CRC incidence rates in the intervention and control groups, none accurately predicted absolute CRC mortality rates in the control group, and one model did not accurately predict absolute CRC mortality rates in the intervention group. The failure of models to predict absolute rates could be the result of differences between the US population used for model calibration and the UK population used for validation. This suggests that it is important to calibrate models to target populations when they are used to predict absolute risks and differences. Overall mortality rates are similar in the United States and England up to age 65 years and are somewhat higher in England after age 65 years. 45 It is difficult to compare CRC risk, observed as CRC incidence and mortality rates, across the 2 countries because of differences in screening rates. We know of no studies that have undertaken this comparison. Finally, while studies such as the UKFSS Trial are key to our understanding of screening interventions, they are imperfect. Study participants can act in unexpected ways that can bias study results. For example, healthy volunteer effects can manifest in randomized trials if healthier patients, who are at lower risk for CRC, are more likely to enroll in a trial. 46 Some might argue that our findings, with wellestablished models missing some validation targets, provide evidence that models should not be used to inform policy decisions. However, without modeling to inform policy, we are left to expert opinion, which is inherently subjective. In addition, our findings demonstrate the value of using multiple models to inform policy guidelines and the importance of validation as way to better understand model assumptions and to improve model accuracy.
Model validation to new data and to findings describing a range of natural history outcomes is uncommon. The International Society for Pharmacoeconomics and Outcomes Research and the Society for Medical Decision Making published guidelines for carrying out external validation, 12 but further thought needs to be given to how models are compared to study estimates and the relative importance of different validation targets (e.g., absolute rates and relative intervention effects, as well as the impact of interventions on precursor lesions). Furthermore, it is unclear how closely a model should match validation targets. Given the difficult task of validation, is it possible for a model to fit too well? What types of disagreements between predicted and study-estimated outcomes are acceptable for models to be useful and credible to clinicians and policy makers, given the variability of estimates?
We present the first validation of 3 CRC models used to inform screening guidelines. This validation is based on a single study that reported results spanning multiple steps in the CRC disease process. We found that our models accurately predicted the relative effect of screening on mortality, the primary outcome driving decisions about screening modalities. This example demonstrates how concurrent validation to multiple outcomes can uniquely inform the structure and accuracy of microsimulation models, ultimately providing insight into the disease process and enabling improved models with which to inform screening policy. Model accuracy, and thus reliability, can only be established through external validation analyses such as these and are therefore essential for any decision model.
